This paper tests the portfolio rebalancing model of Hau and Rey (2006) based on a sample of 23 emerging economies for the period of 1994-2010. We find that the exchange rate returns in emerging economies are significantly and positively correlated with excess emerging stock market returns vis-à-vis the United States, indicating that portfolio rebalancing does not characterize the exchange rate movements for emerging economies. Our findings are strongly supported at daily and monthly frequencies, and are robust to cross-market correlations, different stock market capitalizations, alternative exchange rate systems, capital controls and financial crises.
This study contributes to the understanding of the correlation structure between exchange rates and equity market returns, a central issue for international diversification and risk management (Campbell et al., 2010) . We find that portfolio rebalancing does not characterize the exchange rate dynamics of emerging economies, as indicated by the positive and significant correlation between exchange rate returns and excess emerging stock market returns vis-à-vis the United States, at daily and monthly frequencies. Our results take into account cross-market correlations and are robust to emerging economies with different stock market capitalizations, alternative exchange rate systems, capital controls and financial crises.
This research is organized as follows: Section 2 reviews the literature on the correlation between exchange rates and stock market returns for emerging economies. Section 3 describes the methodology and data. Section 4 reports the results and Section 5 concludes the paper.
Literature Review
In the last decade, the share of emerging market currencies in global foreign exchange market turnover has increased to about 20% (Bank for International Settlements, 2010) . Large investors, such as pension funds in the United States and other developed economies have made emerging markets the main beneficiaries of their international diversification (Note 1).
In contrast to developed countries, many emerging market currencies are subject to foreign exchange convertibility restrictions and capital controls imposed by local authorities. Emerging market currencies are often thinly traded and associated with high inflation and volatility. However, the offer for derivative products for risk management in emerging market currencies is limited. For example, traditional forward contracts are not available for many Latin American and Asian currencies, such as Brazil, Chile, China, Columbia, India, Indonesia, Korea, Malaysia, Peru and Taiwan. These currencies trade in non-deliverable forward markets, where 60-80% of the estimated trading volume relates to speculation (Lipscomb, 2005) . Given the growing importance of capital flows to emerging economies and lack of alternative hedging instruments, portfolio rebalancing should be an essential tool for managing currency risk in emerging market investments. Hau and Rey (2006) find that portfolio rebalancing characterizes the exchange rate dynamics for 17 developed countries. Chaban (2009) finds that the portfolio rebalancing model does not hold for commodity currencies of Australia, Canada and New Zealand, suggesting that commodities prices, offsetting the fluctuations in exchange rates, may play a similar role to the terms of trade in risk sharing between commodity exporting and importing countries. Several issues arise when testing Hau and Rey (2006) model for emerging market currencies.
Currency Regimes and Capital Controls
Although portfolio rebalancing by international investors induces selling in the foreign exchange markets, substantial capital inflows generate upward pressure on emerging currencies. According to International Monetary Fund (IMF), the net capital flows, including portfolio flows and direct investments, account for about 3% of gross domestic product (GDP) for emerging economies, compared to about 2% of GDP for developed economies during -2010 (IMF, 2011a . For the same period, the net portfolio equity flows to emerging economies account for about 1% of GDP, compared to about 0.5% of GDP for developed economies (IMF, 2011a, Figure 4.4) . Substantial net equity inflows offset the exchange rate movements induced by portfolio rebalancing and may create positive correlations between exchange rates and stock market returns.
Capital controls and central bank interventions in the foreign exchange markets in 2000s aim to alleviate the upward pressure on emerging currencies by curbing speculative inflows (Edwards, 2007; Edwards & Rigobon, 2009; Ostry et al., 2010; IMF, 2011b) . The effect of such actions on exchange rates remains an open question. While early studies suggest that capital controls and central bank interventions have short-term effects on exchange rates (Magud et al., 2011) , recent research indicates that these actions are ineffective in changing the trend for emerging currencies (Binici et al., 2009; Rincon & Toro, 2010; Baba & Kokenyne, 2011; Concha & Galindo, 2011; Magud et al., 2011) (Note 2). Therefore, in contrast to developed economies, the correlation structure between exchange rates and excess emerging stock market returns is affected by several factors including the magnitude of net equity inflows to emerging economies, the impact of capital controls and central bank interventions on the foreign exchange markets, and the significance of portfolio rebalancing by international investors. A negative correlation indicates that portfolio rebalancing characterizes the exchange rate dynamics for emerging market currencies. A positive correlation suggests that other factors, such as substantial capital inflows, influence the exchange rates for emerging economies.
Financial Crises and Contagion
Emerging economies and their currencies are more prone to boom and bust cycles (e.g., 1994 Mexican Tequila crisis, 1997 Asian flu and 1998 Russian default). As pointed out by Longin and Solnik (2001) , Ang and Bekaert (2002) , and Forbes and Rigobon (2002) , the correlation structures for the boom and bust periods may differ due to higher volatilities during bear markets. Specifically, when foreign capital pushes into emerging markets during a boom period, portfolio rebalancing based on currency risk may be important for international investors, inducing negative correlations between exchange rates and emerging stock markets returns. During crisis periods, investors pull out or freeze their foreign investments amid dramatic downturns in the currency or stock markets, inducing positive correlations between exchange rates and stock markets returns.
The correlation structure for emerging market currencies can also be affected by contagion, that is, crises in the foreign exchange or equity markets in one country can spread to other countries. Investors suffering losses in one country may sell assets in other countries, triggering forced equity portfolio rebalancing (Forbes, 2004 , Kaminsky et al., 2004 . Contagion effects are pronounced across countries within a region (Calvo & Reinhart, 1996; Froot et al., 2001 , Bekaert et al., 2005b and are related to such fundamental economic variables as interest rates, exchange rates, and equity market volatilities (Bae et al., 2003) . Therefore, we expect cross-market correlations in our sample due to regional interdependence. Hau and Rey (2006) conjecture that the negative correlation structure should be more evident during periods of increasing equity market integration and for countries with higher degrees of capital market development. Since the mid-1990s, many emerging market countries have relaxed or removed restrictions on capital flows and opened their capital markets to international investors. The financial economics literature suggests that correlations between emerging and developed markets have increased in the last decades, and financial liberalization and integration reduce the cost of capital, spur growth, and offer significant diversification benefits to international investors (Bekaert & Harvey, 1995 , 2000 Henry, 2000; Bekaert et al., 2005a; Carrieri et al., 2007) . In the process of integrating into world financial markets, international investors in emerging markets gain better access to liquidity, information flow, and risk management tools. We expect that, for our sample of emerging markets, the correlation between exchange rates and stock markets returns should be increasingly significant over time following the path of financial integration, and the correlations should be more significant for countries with greater capital market development, as measured by the ratio of stock market capitalization to GDP.
Financial Market Developments and Integration

Equity Flows and Exchange Rates
A number of studies on cross-border capital flows focus on contemporaneous correlations between equity flows and equity returns in developed and emerging markets (Tesar & Werner, 1994 Brennan & Cao, 1997) . The evidence indicates that international investors engage in positive feedback trading in foreign equity markets, that is, buying subsequent to positive returns and selling subsequent to negative returns (Bohn & Tesar, 1996; Edelen & Warner, 2001; Froot et al., 2001; Kim & Wei, 2002; Griffin et al., 2004 Griffin et al., , 2007 Richards, 2005; Froot & Ramadorai, 2008) . Therefore, positive feedback trading may induce positive correlations between equity market returns and exchange rates.
Previous studies on equity flows and exchange rates in emerging markets focus on the period around currency crises. Bailey et al. (2000) document a significant relation between the depreciation of Mexican peso and the price decline of Latin American mutual funds and American Depositary Receipts during 1994 Mexican peso crisis. Choe et al. (1999) find strong evidence of positive feedback trading by foreign investors in Korean equity markets before the 1997 Asian currency crisis, and show that herding disappeared during the crisis. Swanson and Lin (2003) find positive feedback trading for seven emerging Asian countries around the Asian currency crisis. These findings suggest that financial crises may be an important factor when assessing the correlation between exchange rates and equity market returns for emerging economies.
Fewer studies, however, have examined the dynamics between equity flows and exchanges rates over longer periods. Brooks et al. (2004) find that higher portfolio flows to US stocks are associated with appreciation of the US dollar against the euro and Japanese yen. Siourounis (2004) reports that the net equity flows to the United States from Japan, Germany, Switzerland and the United Kingdom are associated with US dollar appreciation. Hau and Rey (2006) predict that higher equity flows are associated with stronger currencies and provide significant supporting evidence based on US equity flows to 17 developed economies. Our tests, covering a 16-year period, contribute to the literature on the relationship between US equity flows and exchange rates for emerging economies.
Methodology and Data
Methodology
We test the correlation between the exchange rate returns and the equity return differentials for emerging and US stock markets by focusing on Hau and Rey (2006) model:
where, FXR i,t is the exchange rate return calculated as the log difference of the spot exchange rates, which are in foreign currency units per US dollar. Following Hau and Rey (2006), we multiply FXR i,t by -1 when calculating the correlations and performing regression analyses. MSCI_Excess i,t is the difference between the emerging market and US market MSCI returns, measured in the respective local currencies, i refers to the emerging economies in our sample, α i is the intercept, β i is the estimated coefficient, and ε i,t is the error term. A negative β i indicates that a stronger emerging stock market is associated with depreciation of the emerging currency, as predicted by Hau and Rey (2006) . A positive β i indicates that a stronger emerging stock market is associated with appreciation of the emerging currency. It is well known that stock market returns and changes in exchange rates are stationary variables and OLS regressions can be applied to Equation 1. We perform this regression for each country in our sample and compute Newey-West (1987) standard errors to account for heteroskedasticity and autocorrelation. We correct for the correlations of the error terms across countries using seemingly unrelated regression (SUR) system to ensure that cross-market correlations do not affect our results.
Data
Our sample includes 21 countries in the MSCI Emerging Markets Index: Brazil, Chile, China, Colombia, the Czech Republic, Egypt, Hungary, India, Indonesia, Korea, Malaysia, Mexico, Morocco, Peru, the Philippines, Poland, Russia, South Africa, Taiwan, Thailand, and Turkey. To this initial sample, we add Hong Kong and Singapore. These newly industrialized countries play an important role in the regional economy (Frankel & Poonawala, 2010) . The final sample consists of 23 countries from a variety of geographical locations (Asia, Latin America, emerging Europe and Africa) and at different stages of financial market development. Our sample covers a variety of exchange rate systems, including independent floating (Brazil, Chile, Mexico, the Philippines, Poland, South Africa, South Korea and Turkey), managed floating (Columbia, the Czech Republic, Hungary, India, Indonesia, Malaysia, Peru, Russia, Singapore, Taiwan and Thailand) and pegged system (China, Egypt, Hong Kong and Morocco) (Note 3).
Spot exchange rates and the MSCI series are obtained from Datastream for the period January 1994 to November 2010. The spot exchange rates are WM/Reuters closing middle rates quoted against the US dollar. The MSCI series are in US dollars for the United States and in local currencies for the 23 countries studied.
Crisis data are obtained from Reinhart (2010) . The crises index is the sum of seven dummy variables that take the value of one if in a given year the country confronts a currency crisis, inflation crisis, stock market crash, domestic sovereign debt, external sovereign debt crisis, or banking crisis, and zero otherwise. Table 1 reports the average of the yearly crisis index over the period 1994-2010.
Capital flow data (TIC) are obtained from the Board of Governors Federal Reserve System and are available on a monthly basis. Using these data, we calculate the net increase in foreign stock ownership by US residents, defined as net US purchases of foreign equities minus net foreign purchases of US equities. Following Hau and Rey (2006) , we normalize net foreign stock ownership as the proportion of the average absolute level of increase in net foreign ownership by US residents over the previous 12 months. Table 2 presents the daily and monthly correlations of exchange rate returns and excess emerging stock market returns. Of the 23 countries analyzed, the daily correlation is positive for 20 countries, with 16 countries significant at 1% level and Czech Republic and Morocco significant at 5% and 10% levels, respectively. Chile, China and Egypt have negative daily correlations, which is significant for Egypt at 10% level. For monthly data, we find that 15 countries show positive correlations, and 11 countries have positive and significant correlations. Notably, none of the countries in our sample has a significantly negative correlation as predicted by Hau and Rey (2006) . These findings are supported at regional levels with significant and positive daily correlations for eight countries in Asia, four countries in Latin America and seven countries in emerging Europe and Africa. Based on the results for the total sample, we find strong statistical evidence that the portfolio rebalancing model does not hold for emerging economies. 
Empirical Findings
Correlations between Exchange Rates and Excess Equity Market Returns in Emerging Economies
Financial Market Development and Integration
To investigate whether the correlations change over time, we divide the sample into two sub-periods, 1994-2002 and 2003-2010 . The period 1994-2002 marks the beginning of market openness for emerging economies. This period experiences a large number of financial crises, leading to credit freezes, stock market reforms and capital controls (Bekaert & Harvey, 2003 Hau and Rey (2006) that the portfolio rebalancing model may not hold for pegged exchange rate systems. For countries with declared independent floating and managed floating systems, the estimated coefficients are positive and significant for 16 of the 18 countries based on daily data, and positive and significant for eight countries (13 countries positive) based on monthly data. These results do not support the portfolio rebalancing model of Hau and Rey (2006) . None of the countries in our sample exhibits a significantly negative coefficient. Among the countries with a declared independent floating system, Chile is the only country with a negative coefficient.
Currency Regimes, Capital Controls and Financial Crises
Several countries in our sample impose controls on foreign capital inflows and outflows during various periods of this study, including Brazil, Chile, China, Colombia, the Czech Republic, India, Indonesia, Korea, Malaysia, Peru and Thailand (Note 4). Controls on capital outflows in Malaysia, Thailand and South Africa have been gradually relaxed in our sample period. Across geographical regions, many Asian countries impose strict rules for capital controls while Latin American countries introduce capital controls periodically during our sample period. Table 3 indicates that the estimated coefficients for countries with capital controls are predominantly positive and significant based on daily data, except for Chile and China. Based on monthly data, the estimated coefficients are generally insignificant for countries with capital controls. Overall, these results are consistent with the literature that controlling capital flows are less successful in easing the upward pressure on exchange rates (Baba & Kokenyne, 2011 , Magud et al., 2011 , indicating that capital controls have a limited impact on the correlation between the exchange rate returns and excess emerging stock market returns regardless of geographical locations.
To test whether financial crises affect the correlation between exchange rate returns and excess emerging stock market returns, we obtain a subsample of daily observations from which we eliminate all the years when a country confronted with a crisis. Crisis data for the Czech Republic and Hong Kong are unavailable. The last two columns of Table 3 report the results. We find that 19 of the 21 countries analyzed show positive relationship between exchange rate returns and excess emerging stock market returns, and 17 countries with significantly positive regression coefficients. The results are similar across regions of Asia, Latin America, emerging Europe and Africa.
Overall, Tables 3 confirms the evidence reported in Table 2 that the portfolio rebalancing model does not hold for our sample of emerging economies. Our results are robust to alternative exchange rate systems, capital controls, and financial crises. Notes: This table reports the regression coefficients for exchange rate returns on excess emerging stock market returns relative to US stock market returns. The data are for daily and monthly frequency. The subsample Non-Crisis contains daily observations excluding all the years when a country confronted with a crisis, based on Reinhart (2010) . Crisis data for the Czech Republic and Hong Kong are unavailable. The exchange rate system is based on Bekaert and Hodrick (2009) . The t-statistics are in parentheses. N is the number of observations. *, **, and *** denote significance at 10%, 5%, and 1% levels, respectively.
Cross-market Correlations
To test whether cross-market correlations affect our results, we re-estimate Equation 1 using the SUR system. The data starts from March 1996, the starting date for Russia in our sample. The number of observations is 3090 at daily frequency for each country in the regression system. Our SUR system consists of 32 countries including 23 emerging economies and nine developed economies of Australia, Canada, Denmark, the euro zone, Japan, Norway, Sweden, Switzerland, and the United Kingdom (Note 5). The explanatory variable is the excess foreign stock market return, calculated for each country, as the difference between the foreign market and US market MSCI returns. The SUR estimators gain efficiency by jointly estimating 32 equations in the system and correcting for the correlations of the error terms across 32 countries. Table 5 reports the results. The estimated coefficients for the Euro zone, Japan, Switzerland and UK are negative and significant at 1% level, confirming that the portfolio rebalancing model holds for developed economies (Hau & Rey, 2006) . The estimated coefficients for Australia and Canada are positive and significant at 1% level, confirming that the portfolio rebalancing model does not hold for commodity currencies (Chaban, 2009) . The estimated coefficients are positive and significant for 18 of the 23 emerging economies, with 15 countries significant at 1% level and two countries significant at 5% and 10% levels, respectively. Chile and Egypt show negative coefficients with 10% level of significance. Across geographical regions, the estimated coefficients are positive for nine emerging economies in Asia, four in Latin America and five in emerging Europe. Overall, Notes: This table reports the results for the seemingly unrelated regression (SUR) systems of daily exchange rate returns on daily excess foreign stock market returns relative to US stock market returns. *, **, and *** denote significance at 10%, 5%, and 1% levels, respectively. Table 5 reports the correlations of monthly exchange rate returns and net increase in foreign stock ownership by US residents (or net foreign equity inflows). The net foreign equity inflows are calculated as net US purchases of foreign equities minus net purchases of US equities by foreigners, normalized as a proportion of the average absolute level of increase in net foreign stock ownership by US residents over the previous 12 months. 
Equity Flows and Exchange Rates
Conclusion
This paper tests the portfolio rebalancing model of Hau and Rey (2006) for a sample of 23 emerging economies at different stages of capital market development and from diverse geographical regions. We find significant and positive correlations between the exchange rate returns and excess emerging stock market returns relative to the United States, indicating that positive shocks in emerging equity markets are associated with appreciation of the emerging market currencies. This result suggests that the portfolio-rebalancing perspective of foreign exchange markets does not hold for our sample of emerging economies. Our findings take into account cross-market correlations and are robust to emerging economies with different stock market capitalizations, alternative exchange rate systems, capital controls and financial crises. We also find that, consistent with previous research, higher equity flows are associated with stronger currencies for our sample of emerging economies.
